This paper develops a method for constructing an artificial temporal sequence of velocity values for simulating atmospheric turbulence. The method develops the conditional probability density distribution of velocity given that the previous value of velocity is known. A value is randomly selected from the conditional probability density which then serves as a known value for the next conditional probability density function. Continuing this procedure provides the desired simulated sequence of velocity values.
SUMMARY
This paper develops a method for constructing an artificial temporal sequence of velocity values for simulating atmospheric turbulence. The method develops the conditional probability density distribution of velocity given that the previous value of velocity is known. A value is randomly selected from the conditional probability density which then serves as a known value for the next conditional probability density function. Continuing this procedure provides the desired simulated sequence of velocity values.
Based upon this simulation method a program is developed for the Hewlett-Packard HP-29C(a) hand-held calculator for simulating the longitudinal component of atmospheric turbulence during neutral or strong wind conditions. The program takes 88 steps, and the only required inputs are the mean wind speed, the height above grade to be simulated, the local surface roughness, and the time desired between successive velocity values. The computer code may be easily modified for use on other comparable hand-held calculators .aod can obviously be modified for use on normal computing facilities.
(a) A specific product is used for example only; its use does not constitute an endorsement of the product. The method developed in this paper uses the autocorrelation function and the conditional probability distribution of velocity given the preceding observation to simulate a time sequence of wind velocities. Most previous techniques have used the spectrum of turbulence for simulating velocity histories by app.ropriately filtering white noise to obtain the desired spectral characteristics. These methods require a greater number of steps than does the method presented in this paper.
For the special case of the longitudinal component of atmospheric turbulence a simple simulation program is developed that can be programmed on many available hand-held calculators. The simulation assumes that the turbulence is normally distributed and has the classical negative exponential autocorrelation. A negative exponential autocorrelation function has the property that if sample points separated by time T have a correlation value of P(T), then the correlation between points separated by time nL is (p(T))n. A specific program that provides the simulation will be presented after development of the method.
It should be noted that this method does not depend on the assumptions of normality or on the assumption of a negative exponential autocorrelation, and can be used to simulate histories with other, more complex, autocorrelation structures and with other density functions.
CONCLUSIONS
A program for simulating atmospheric turbulence whose probability density function is Gaussian is developed for use on the Hewlett-Packard HP-29C hand calculator. This program takes 88 steps and requires as input the mean wind speed, the height at which the simulation is to be made, the local surface roughness, and the time between sequential velocity samples. The simulation method may be used to generate a single velocity history at a point. The simulation method may also be used to generate a velocity history at another location coincident in time with the wind history at a given location (which may have been generated by the simulation method itself).
APPROACH
The basic approach to providing a method for simulating turbulence is to develop the conditional probability distribution of velocity, given that other velocities have been observed. Once the conditional distribution function is established, a value is selected from this distribution. This random value then becomes the desired simulated velocity, which in turn is used in selecting the next velocity value.
The conditional probability for the velocity at time t + T, given other velocities observed at previous times, is expressed as
The conditional density function of V(t + T) given previous velocities, is given by
Thus, to establish the conditional density function one is required to know the full joint density function and the joint density function of the given variables. Once these are established, the simulation of turbulence is initiated by assuming (or obtaining by other means) nominal values for V(t), V(t -T) ... V(t -nT) and randomly selecting a value of V(t + T) from the conditional density function for V(t + T).
A suggested method for simulating turbulence in both space and time is to first simulate in time a given location and then use that time history for simulating the time history at a location spatially separated from the first location.
SIMULATION OF THE LONGITUDINAL COMPONENT OF ATMOSPHERIC TURBULENCE
The longitudinal component of atmospheric turbulence may be simulated using the conditional probability method by using the standard assumptions that the turbulence is normally distributed and that the autocorrelation has the form of a negative exponential. Since the autocorrelation is assumed to have the form of a negative exponential, V(t + 1) depends only on the previous velocity V(t) and on no other velocities.(4) Thus, only f(V(t + 1)IV(t)) need to be considered.
The conditional prob~bility density function of the longitudinal velocity at time t + T, V(t + 1), given the velocity at time t, V(t), becomes where f(V(t + T)IV(t))
and V(t)
If = mean velocity a = the standard deviation of velocity (rms). 
(6) (7) (8) ( 9) The next step in the simulation is to develop a method of selecting a random number from a normal frequency distribution that has zero mean and unit variance. This is accomplished by selecting two random numbers, U i and U j , from uniform distributions and performing the following operation that results in a random variable, Ni' whose frequency distribution is Gaussian. (8) (10) Each successive, Ni' is used in the following equation to compute a new longitudinal wind velocity, Vi"
where V i _ l is the previous velocity obtained in the simulation.
To start a simulation the investigator may use any initial velocity desired, including the hourly mean value. Any standard random number generation scheme may be used to obtain the required U i and are U j values.
A calculator program, based upon tquation 11, for simulating the longitudinal component is presented in the following section.
CALCULATOR PROGRAM FOR SIMULATING THE LONGITUDINAL COMPONENT OF ATMOSPHERIC TURBULENCE
This section contains a listing of a program to simulate the longitudinal component of turbulence. The required input information is listed in Table 5 .1. The user enters these inputs by storing the values in the identified registers. To run the program the operator presses GSB-l for the first value of wind speed, then presses R/S for each successive value.
The program is listed in Table 5 .2; the storage registers used by the program are listed in Table 5 .3. Used internally to program = p (a) To run program press GSB-l for first value; then press R/S for each successive value of wind speed.
FREQUENCY DISTRIBUTION AND CORRELATION OBTAINED FROM A SAMPLE SIMULATION
The simulation code presented in the text was used to generate a typical simulation and the statistical distributions acquired from the simulation.
The required inputs to the program were: T = 1 second between samples Z = 25 meters = height of simulated measurement Z = 0.05 meters (medium terrain) o V = 10 meters/second = mean wind speed Ten thousand sample pOints were generated from which the following statistics were computed:
• frequency distribution of longitudinal wind speed • Autocorrelation function of longitudinal wind speed Table 6 .1 lists the frequency distribution of longitudinal wind speed obtained from the values generated by the simulation program along with the expected values calculated from a normal distribution. Figure 6 .1 is a plot of the generated frequency distribution and the corresponding normal distribution. The two curves are extremely close in magnitude except that the simulation gave a few more large excursions than would be expected from the normal distribution. This is somewhat helpful, however, in that larger than normal excursions are expected in atmospheric turbulence. 
